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ELLIPSOIDAL POLARIZING PLATE COMPRISING 
TWO OPTICALLY ANISOTROPIC LAYERS AND POLARIZING MEMBRANE 



The present invention relates to an ellipsoidal polar- 
izing plate and a liquid crystal display. 



A liquid crystal display of TN (twisted nematic) mode, 
is widely used in combination with an active device such as 
a TFT (thin film transistor) or MIM (metal insulator metal) 
device . 

The liquid crystal display of TN mode comprises a liq- 
uid crystal cell and a pair of polarizing elements. 

The liquid crystal cell generally comprises a pair of 
substrates, rod-like liquid crystal molecules and an elec- 
trode layer. The rod-like liquid crystal molecules are 
provided between the substrates, and the electrode layer 
has a function of applying a voltage to the rod-like liquid 
crystal molecules. In the cell of TN mode, an orientation 
layer is provided on each substrate to align the liquid 
crystal molecules at the twist angle. of 90°. 

For improving the viewing angle of the liquid crystal 
display of TN mode, an optical compensatory sheet (phase 
retarder) is often placed between the liquid crystal cell 
and the polarizing element. In this case, the layered body 
of the polarizing element (polarizing membrane) and the op- 
tical compensatory sheet functions as an ellipsoidal polar- 
izing plate. As the optical compensatory sheet, a 
stretched birefringent film has been conventionally used. 

In place of the stretched birefringent film, an opti- 
cal compensatory sheet comprising an optically anisotropic 
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layer on a transparent substrate has been proposed. The 
optically anisotropic layer is formed by aligning liquid 
crystal molecules and fixing the aligned molecules. Since 
the liquid crystal molecules usually have large birefrin- 
gence, an optical compensatory sheet obtained by using the 
liquid crystal molecules has a specific optical character- 
istic that cannot be obtained by the conventional stretched 
birefringent film. The optical compensatory sheet for a TN 
mode comprising discotic liquid crystal molecules is dis- 
closed in Japanese Patent Provisional Publication No. 
6 (1994) -214116, US Patent Nos . 5,583,679, 5,646,703 and 
German Patent Publication No. 3,911,620A1, and the one com- 
prising rod-like liquid crystal molecules is disclosed in 
Japanese Patent Provisional Publication No. 7 ( 1995 ) -35924 . 
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An object of the present invention is to provide an 
ellipsoidal polarizing plate suitable for a liquid crystal 
display of TN mode. 

Dhe present invention provides an ellipsoidal polariz- 
ing pla^^comprising a first optically anisotropic layer, a 
second opticH^y anisotropic layer, a polarizing membrane 
and a transparen^i^ective^lm, wherein the first opti- 
cally anisotropic layer s Sa^X^Na^ of 5° to 85° between 
the direction giving the max^fttim^ref r active index and the 
layer plane, and wherein the secondo^1?ix^lly anisotropic 
layer is optically positive and uniaxial, an^^fel^e second 
optically anisotropic layer has an angel of 0° to 
tween the direction giving the, maximum refractive index a! 
the layer plane . 

'i*w^-4r*F^^ provides a liquid crystal display 

comprising a liquidl^s^Sa^^ and two polar- 

izing elements arranged on both si^Bs^o^X^. liquid crystal 
cell, wherein at least one of the polarizing elemen^^s an 
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-ellipsoidal polarizing plate comprising a first optically 
anisoti?©p4£l a y er > a second optica^iv anisotropic layer, a 
polarizing memb^^ne and a transparent protective film, 
wherein the first optimally anisptrfopic/layer has an angel 
of 5° to 85° between thed1^?e^tiVto giving the maximum re- 
fractive index and the layer plan^T^ctdwherein the second 
optically anisotropic layer is optically p&s<tive and uni- 
axial, and the second optically anisotropic layei^-h^s an 
angel of 0° to 5° between the direction giving the maxtirmQi 
refractive index and the layer plane. 

In the present specification, the term "essentially 
perpendicular" means that the noticed angle is within the 
range of 90°±20°. The angle is preferably within the range 
of 90°±16° / more preferably within the range of 90°±12°, 
further preferably within the range of 90°±8°, and most 
preferably within the range of 90°±4°. 

The term "essentially parallel" means that the noticed 
angle is within the range of 0°±20°. The angle is prefer- 
ably within the range of 0°±16°, more preferably within the 
range of 0°±12° / further preferably within the range of 
0°±8°, and most preferably within the range of 0°±4°. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically illustrates a basic structure of 
a liquid crystal display of TN mode. 

Fig. 2 schematically illustrates another basic struc- 
ture of a liquid crystal display of TN mode. 

Fig. 3 schematically illustrates a further basic 
structure of a liquid crystal display of TN mode. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 schematically illustrates a basic structure of 
a liquid crystal display of TN mode. 
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The display shown in Fig. 1 comprises a transparent 
protective film (la) , a polarizing membrane (2a) , a second 
optically anisotropic layer (3a) , a first optically aniso- 
tropic layer (4a) , a lower substrate of liquid crystal cell 
.(5a), rod-like liquid crystal molecules (6), an upper sub- 
strate of liquid crystal cell (5b) , another first optically 
anisotropic layer (4b) , another second optically aniso- 
tropic layer (3b) , another polarizing membrane (2b) and an- 
other transparent protective film (lb), piled up in this 
order from the side of a back light (BL) . 

In the structure shown in Fig. 1, the set of the lower 
substrate of liquid crystal cell, the rod-like liquid crys- 
tal molecules and the upper substrate of liquid crystal 
cell (the set of 5a-6-5b) constitutes a liquid crystal cell 
of TN mode. Each set of the first and second optically 
anisotropic layers (each set of 3a-4a and 4b-3b) consti- 
tutes an optical compensatory sheet. Each set of the 
transparent protective film, the polarizing membrane and 
the first and second optically anisotropic layers (each set 
of ia-2a-3a-4a and 4b-3b-2b-lb) constitutes an ellipsoidal 
polarizing plate. 

Fig. 2 schematically illustrates another basic struc- 
ture of a liquid crystal display of TN mode. 

The display shown in Fig. 2 comprises a transparent 
protective film (la) , a polarizing membrane (2a) , a second 
optically anisotropic layer (3a) , a first optically aniso- 
tropic layer (4a) , a lower substrate of liquid crystal cell 
(5a), rod-like liquid crystal molecules (6), an upper sub- 
strate of liquid crystal cell (5b), another transparent 
protective film (lb), another polarizing membrane (2b) and 
a third transparent protective film (lc), piled up in this 
order from the side of a back light (BL) . 

In the structure shown in Fig. 2, the set of the lower 
substrate of liquid crystal cell, the rod-like liquid crys- 
tal molecules and the upper substrate of liquid crystal 



cell (the set of 5a-6-5b) constitutes a liquid crystal cell 
of TN mode. The set of the first and second optically 
anisotropic layers (the set of 3a-4a) constitutes an opti- 
cal' compensatory sheet. The set of the transparent protec- 
tive film, the polarizing membrane and the first and second 
optically anisotropic layers (the set of la-2a-3a-4a) con- 
stitutes an ellipsoidal polarizing plate. 

Fig. 3 schematically illustrates a further basic 
structure of a liquid crystal display of TN mode. 

The display shown in Fig. 3 comprises a transparent 
protective film (la) , a polarizing membrane (2a) , another 
transparent protective film (lb) , a lower substrate of liq- 
uid crystal cell (5a) , rod-like liquid crystal molecules 
(6), an upper substrate of liquid crystal cell (5b), a 
first optically anisotropic layer (4b) , a second optically 
anisotropic layer (3b) , another polarizing membrane (2b) 
and a third transparent protective film (lc), piled up in 
this order from the side of a back light (BL) . 

In the structure shown in Fig. 3, the set of the lower 
substrate of liquid crystal cell, the rod-like liquid crys- 
tal molecules and the upper substrate of liquid crystal 
cell (the set of 5a-6-5b) constitutes a liquid crystal cell 
of TN mode. The set of the first and second optically 
anisotropic layers (the set of 4b-3b) constitutes an opti- 
cal compensatory sheet. The set of the transparent protec- 
tive film, the polarizing membrane and the first and second 
optically anisotropic layers (the set of 4b-3b-2b-lc) con- 
stitutes an ellipsoidal polarizing plate. 

As is shown in Figs. 1-3, the ellipsoidal polarizing 
plate preferably comprises the first optically anisotropic 
layer, the second optically anisotropic layer, the polariz- 
ing membrane and the transparent protective film in this 
order. The ellipsoidal polarizing plate can also comprise 
the second optically anisotropic layer, the first optically 



anisotropic layer, the polarizing membrane and the trans- 
parent protective film in this order. 



[First optically anisotropic layer] 
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The first optically anisotropic layer can be formed 
from liquid crystal molecules or from a polymer film. The 
layer is preferably formed from rod-like liquid crystal 
molecules oriented in inclined alignment or from a polymer 
film stretched in an inclined direction. The layer is more 
preferably formed from the rod-like liquid crystal 
molecules. In the case where the rod-like liquid crystal 
molecules are homogeneously aligned, the major axes of the 
molecules correspond to the direction giving the maximum 
refractive index. Therefore, when the first optically 
anisotropic layer is formed from the rod-like liquid crys- 
tal molecules, the liquid crystal molecules are aligned so 
that the average inclined angle (the average angle between 
the liquid crystal molecules and the layer plane) may be in 
the range of 5° to 85°. The inclined angle of each rod- 
like liquid crystal molecule preferably varies according to 
the distances between the molecule and the surface of the 
second optically anisotropic layer. 

Preferred examples of the rod-like liquid crystal 
molecules include azomethines, azoxy molecules, cyanobi- 
phenyls, cyanophenyl esters, benzoic esters, phenyl cyclo- 
hexanecarbonate esters, cycnophenylcyclohexanes , cyano-sub- 
stituted phenylpyrimi dines, alkoxy-substituted phenylpyrim- 
idines, phenyldioxanes , tolans and alkenylcyclohexylbenzo- 
nitriles. Further, some metal complexes are included in 
the rod-like liquid crystal molecules. 

Descriptions of the rod-like liquid crystal molecules 
are found in "Kagaku-Sosetsu, Ekisho no Kageku" (written in 
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Japanese), vol. 22 (1994), Chapters 4, 7 and 11; and 
"Ekisho Devise Handbook" (written in Japanese) , chapter 3 . 

The rod-like liquid crystal molecules preferably have 
a refractive index of birefringence in the range of 0.001 
5 to 0.7. The rod-like liquid crystal molecule preferably 
has a polymerizable group. Examples of the polymer izable 
groups (Q) are shown below. 
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The polymerizable group (Q) preferably is an unsatu- 
rated polymerizable group (Ql to Q7) , an epoxy group (Q8) 
or an aziridinyl group (Q9) , more preferably is an unsatu- 
rated polymerizable group, and most preferably is an 
ethylenically unsaturated group (Ql to Q6) . 

Examples of the polymerizable rod-like liquid crystal 
molecule are shown below. 




(0 
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Two or more rod-like liquid crystal molecules can be 
used in combination. For example, polymerizable. rod-like 
liquid crystal molecules can be used in combination with 
non-polymerizable rod-like liquid crystal molecules. 

The first optically anisotropic layer is formed by 
coating an orientation layer with a liquid crystal composi- 
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tion (coating solution) comprising the rod-like liquid 
crystal molecules, a polymerization initiator described be- 
low and other optional additives (e.g., plasticizer, 
monomer, surface active agent, cellulose ester) . Organic 
solvents are preferably used for preparing the liquid crys- 
tal composition. Examples of the organic solvents include 
an amide (e.g., dimethyl formamide ) , a sulfoxide (e.g., di- 
methylsul f oxide ) , a heterocyclic compound (e.g., pyridine), 
a hydrocarbon (e.g., benzene, hexane) , an alkyl halide 
(e.g., chloroform, dichlorome thane) , an ester (e.g., methyl 
acetate, butyl acetate), a ketone (e.g., acetone, methyl 
ethyl ketone) and an ether (e.g., tetrahydrofuran, 1,2-di- 
methoxy ethane) . Alkyl halide and ketone are preferred. 
Two or more organic solvents can be used in combination. 

The composition can be coated according to a conven- 
tional coating method (e.g., wire bar coating method, ex- 
trusion coating method, direct gravure coating method, re- 
verse gravure coating method, die coating method) . 

It is preferred that the rod-like liquid crystal 
molecules be homogeneously aligned, and more preferably 
they are fixed while keeping the alignment. Further 
preferably, the homogeneously aligned rod-like liquid crys- 
tal molecules are fixed by a polymerization reaction. The 
polymerization reaction can be classified into a thermal 
reaction using a thermal polymerization initiator and a 
photo reaction using a photo polymerization initiator.- A 
photo polymerization reaction is preferred. 

Examples of the photo polymerization initiators in- 
clude a-carbonyl compounds (described in U.S. Patent Nos . 
2,367,661, 2,367,670), acyloin ethers (described in U.S. 
Patent No. 2,448,828), a-hydrocarbon substituted acyloin 
compounds (described in U.S. Patent No. 2,722,512), poly- 
cyclic quinone compounds (described in U.S. Patent Nos. 
2,951,758, 3,046,127), combinations of triarylimidazoles 
and p-aminophenyl ketones (described in U.S. Patent No. 
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3,549,367), acridine or phenazine compounds (described in 
Japanese Patent Provisional Publication No.. 60 ( 1985) -105667 
and U.S. Patent No. 4,239,850) and oxadiazole compounds 
(described in U.S. Patent No. 4,212,970). 

The amount of the photo polymerization initiator is 
preferably in the range of 0.01 to 20 wt.%, and more 
preferably in the range of 0.5 to 5 wt.% based on the solid 
content of the coating liquid. 

The light irradiation for the photo polymerization is 
preferably conducted by an ultraviolet ray. The exposure 
energy is preferably in the range of 20 to 50,000 mJ, and 
more preferably in the range of 100 to 800 mJ. The light 
irradiation can be conducted while heating the layer to ac- 
celerate the photo polymerization reaction. 

The first optically anisotropic layer has a thickness 
preferably in the range of 0.1 to 20 \xm, more preferably in 
the range of 0.5 to 15 urn, and most preferably in the range 
of 1 to 10 ym. 




[Second optically anisotropic layer] 

>trop^c layer is so optically 
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Preferably, the projection of the direction giving the 
maximum refractive index in the first optically anisotropic 
layer onto the layer plane is essentially perpendicular, on 
the same plane, to the direction giving the maximum refrac- 
tive index in the second optically anisotropic layer. 

.optically ^^5jp tr opic layer can be formed 
from horizontally alignSH"""^^ crystal molecules 

or from a horizontally stretlched^pe^^rfe^^ilm . It is pre- 
ferred that the layer be formed from a stretche3>^articu- 
larly uniaxially stretched polymer film. 



Examples of the polymer generally used for forming the 
second optically anisotropic layer include cellulose ester 
(e.g., cellulose acetate) and synthetic polymer (e.g., 
polycarbonate , polysulf one , polyethersul f one , polyacrylate , 
polymethacrylate, norbornene resin) . Preferably, the sec- 
ond optically anisotropic layer is formed from a cellulose 
ester film, a polycarbonate film or a norbornene resin 
film, and particularly preferably formed from a cellulose 
ester film. 

It is generally known that a cellulose ester film has 
high optical isotropy (a cellulose ester film is generally 
known to have low retardation) . However, a cellulose ester 
film having high retardation (i.e., an optically aniso- 
tropic cellulose ester film) can be obtained by the method 
described in European Patent No. 091165656A2, in which the 
optically anisotropic cellulose ester film is prepared (1) 
by a retardation increasing agent, (2) by lowering the 
acetylation degree in the cellulose acetate film, or (3) by 
the cold dissolution process. 

The polymer film is preferably prepared according to a 
solvent casting method. 

The prepared polymer film is generally stretched to 
obtain optical anisotropy. In detail, through the uniaxial 
stretching process, the polymer film can be made optically 
positive uniaxial and the direction of the maximum refrac- 
tive index can be made essentially parallel to the layer 
plane. 

The uniaxial stretching process is preferably con- 
ducted along the longitudinal (spreading) direction of the 
film. Further, along the direction perpendicular to the 
uniaxially stretched direction (along the lateral direction 
if the film is uniaxially stretched along the spreading di- 
rection) , weak stretching process (i.e., unbalance biaxial 
stretching process) may be conducted. 
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The second optically anisotropic layer of polymer film 
has a thickness in the range of preferably 20 to 500 jam, 
more preferably 50 to 2 00 pm. 

For improving the adhesion between the second opti- 
cally anisotropic layer of polymer film and the layer pro- 
vided thereon (an adhesive layer, the orientation layer or 
the first optically anisotropic layer) , the surface of the 
second optically anisotropic layer can be subjected to sur- 
face treatment (e.g., glow discharge treatment, corona dis- 
charge treatment, UV treatment or flame treatment) . Fur- 
ther, on the second optically anisotropic layer, an adhe- 
sive ( undercoat ing) layer may be provided. 

In the case where the second optically anisotropic 
layer is formed from rod-like liquid crystal molecules, the 
layer is preferably provided on a transparent support (or 
on an orientation layer provided on the support) . As the 
support, a cellulose ester film is preferably used. 



optically anisotropic layer. 

The second optically anisotropic layer formed from the 
rod-like liquid crystal molecules has a thickness of pref- 
erably 0.1 to 20 \im, .more preferably 0.5 to 15 ym, most 
preferably 1 to 10 \xm. 
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[Orientation layer] 

The rod-like liquid crystal molecules of the first or 
second optically anisotropic layer are aligned by an orien- 
tation layer. 

The orientation layer can be formed by rubbing treat- 
ment of an organic compound (preferably a polymer) , oblique 
evaporation of an inorganic compound, formation of a micro 
groove layer, or stimulation of an organic compound (e.g., 
co-tricosanoic acid, dioctadecylmethylammonium chloride, 
methyl stearate) according to a Langmuir-Blodgett method. 
Further, the aligning function of the orientation layer can 
be activated by applying an electric or magnetic field to 
the layer or irradiating the layer with light. The orien- 
tation layer is preferably formed by rubbing a polymer. 
The rubbing treatment can be conducted by rubbing a layer 
containing the aforementioned polymer with paper or cloth 
several times along a certain direction. 

As the polymer for the orientation layer, a polymer 
which does not lower the surface energy of the layer (i.e., 
a polymer generally used for the orientation layer) is 
preferably used. 

The orientation layer has a thickness of preferably 
0.01 to 5 iom, more preferably 0.05 to 1 ]om. 

After the rod-like liquid crystal molecules of the 
first or second optically anisotropic layer are aligned 
with the orientation layer, the optically anisotropic layer 
can be transferred onto the second optically anisotropic 
layer or the support, respectively. The aligned and fixed 
rod-like liquid crystal molecules can keep the alignment 
without the orientation layer. 

[Polarizing membrane] 

The polarizing membrane is an iodine polarizing mem- 
brane, a dye polarizing membrane comprising a dichromatic 
dye or a polyene polarizing membrane. The iodine polariz- 




ing membrane and the dye polarizing membrane are generally- 
prepared from polyvinyl alcohol films. The transmission 
(polarizing) axis of the film is perpendicular to the 
stretched direction. 

The second optically anisotropic layer and the polar- 
izing membrane are preferably so arranged that the direc- 
tion giving the maximum refractive index in the second op- 
tically anisotropic layer is essentially perpendicular to 
the transmission axis of the polarizing membrane. 

The second optically anisotropic layer and the polar- 
izing membrane are also preferably so arranged that the di- 
rection giving the maximum refractive index in the second 
optically anisotropic layer is essentially parallel to the 
transmission axis of the polarizing membrane. 

[Transparent protective film] 

As the transparent protective film, a polymer film is 
used. The term "transparent" means that the film has an 
optical transmittance of not less than 80%. 

The film is generally a cellulose ester film, prefer- 
ably a triacetylcellulose film, which is preferably pre- 
pared according to the solvent casting method. 

The thickness of the film is within preferably 20 to 
500 pm, and more preferably 50 .to 200 um. 

[Liquid crystal display] 

The present invention can be applied to liquid crystal 
displays of various modes. The present invention is par- 
ticularly effective in a liquid crystal display of TN 
(Twisted Nematic) mode. 
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[Formation of second optically anisotropic layer] 

The cellulose acetate solution consisting of the fol- 
lowing components was prepared, and then cast on a drum 
casting machine to form a cellulose acetate film (dry 
thickness: 105 ym) . 



Cellulose acetate solution 



Cellulose acetate (acetic acid content: 60.9%) 

45 weight parts 
Sumisolve TM165 (Sumitomo Chemical Co., Ltd.) 

2.3 5 weight parts 

Triphenyl phosphate 2.75 weight parts 

Biphenyldiphenyl phosphate 2.20 weight parts 

Methylene chloride 232.75 weight parts 

Methanol 42.57 weight parts 

n-Butanol 8.50 weight parts 



The prepared film was stretched (real magnification: 
xl.6) to form a second optically anisotropic layer. The 
retardation of the layer was observed at 633 nm by means of 
an ellipsometer (M150, JASCO) , and found that the retarda- 
tion values along the thickness direction (Rth) and in the 
plane (Re) were 85 nm and 100 nm, respectively. 

[Formation of first optically anisotropic layer] 

On one surface of the second optically anisotropic 
layer, a gelatin layer was formed. The gelatin layer. was 
then coated with the coating solution consisting of the 
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following components to form an orientation layer of 0.5 urn 
thickness . 



5 Coating solution for orientation layer 



The following denatured polyvinyl alcohol 

2 weight parts 

10 Glutaric aldehyde 0.1 weight part 

Water 98 weight parts 



Denatured polyvinyl alcohol 

y — (CH 2 -CH) 0 .8 (CH 2 -CH) 87 . 2 — — (CH 2 -CH) 12 . 0 - 

~ T0L y( O OH O 

COCH 3 



ffl 



15 




The formed orientation layer was then subjected to a 
rubbing treatment, and then coated with the coating solu- 
tion consisting of the following components to form a first 
20 optically anisotropic layer (dry thickness: 1^5 urn). 



' ^ ^ Coating solution for first optically anisotropic layer 

25 

The following rod-like liquid crystal compound 

3 0 weight parts 
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Methylene chloride 



7 0 weight parts 



Rod- like liquid crystal compound 



CH 2 =CH-COHD-C 7 H 14 




-C 8 H 16 -0-CO-CH=CH 2 



The retardation of the layer was observed at 633 nm by 
means of an ellipsometer (M150, JASCO) , and found that the 
retardation value along the thickness direction (Rth) was 
100 nm and that the angle between the layer plane and the 
direction giving the minimum refractive index was '50°. 

[Preparation of ellipsoidal polarizing plate] 

Iodine was adsorbed onto a stretched polyvinyl alcohol 
film to prepare a polarizing membrane. 

The above -produced optical compensatory sheet was lam- 
inated on one surface of the polarizing membrane with an 
adhesive of polyvinyl alcohol type. The second optically 
anisotropic layer of the compensatory sheet faces the po- 
larizing membrane, and the direction giving the maximum re- 
fractive index in the second optically anisotropic layer 
was perpendicular to the transmission axis of the polariz- 
ing membrane . 

On the other surface of the polarizing membrane, a 
triacetyl cellulose film (FUJI TAC, Fuji Photo Film Co., 
Ltd.) of 100 ym thickness was laminated as a transparent 
protective film with an adhesive of polyvinyl alcohol type. 
Thus, an ellipsoidal polarizing plate was prepared. 

[Preparation of liquid crystal display] 

On a glass plate having an ITO electrode, an orienta- 
tion layer of polyimide was provided and subjected to a 
rubbing treatment. The procedure was repeated to prepare 
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two substrates, and the prepared substrates were then ar- 
ranged face-to-face. The orientation layers were arranged 
inside, and the rubbing directions of the layers were per- 
pendicular to each other. The cell gap was adjusted 4 . 5 v™ 
5 with a spacer. Between the plates, a liquid crystal com- 
pound (ZLI-4792, Merck & Co . , Inc.) was introduced to pre- 
pare a rod-like liquid crystal layer. 

Independently, two ellipsoidal polarizing plates were 
prepared in the above manner. On each surface of the 

10 above -prepared liquid crystal cell of a TN mode, each of 

the plates was laminated. The optically anisotropic layer 
faces the substrate. Thus, a liquid crystal display was 
prepared. In each side of the display, the rubbing direc- 
tion of the orientation layer in the polarizing plate is 

15 reversely parallel to that of the neighboring orientation 
layer in the liquid crystal cell. 

The prepared display gave an image of good contrast 
without reversing the gradation. 

20 EXAMPLE 2 

[Formation of second optically anisotropic layer] 

The norbornene resin solution consisting of the fol- 
lowing components was prepared, and then cast on a band 
25 casting machine to form a norbornene resin film (dry thick- 
ness : 100 urn) . 
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Norbornene resin solution 



Norbornene resin (Arton, JSR Co., Ltd.) 

3 0 weight parts 

Methylene chloride 7 0 weight parts 



The prepared film was longitudinally stretched (real 
magnification: xl . 3 ) , and then laterally stretched (real 
magnification: xl.15) to form a second optically aniso- 
tropic layer. The retardation of the layer was observed at 
633 run by means of an ellipsometer (M150, JASCO) , and found 
that the. retardation values along the thickness direction 
(Rth) and in the plane (Re) were 85 run and 100 nm, respec- 
tively. 

[Formation of first optically anisotropic layer] 

After one surface of the second optically anisotropic 
layer was subjected to corona discharge treatment, an ori- 
entation layer and a first optically anisotropic layer were 
formed thereon in the same manner as Example 1. The opti- 
cal properties are set forth in Table 1. 

[Preparation of ellipsoidal polarizing plate] 

Iodine was adsorbed onto a stretched polyvinyl alcohol 
film to prepare a polarizing membrane. 

The above-produced optical compensatory sheet was lam- 
inated on one surface of the polarizing membrane with an 
adhesive of polyvinyl alcohol type. The second optically 
anisotropic layer of the compensatory sheet faces the po- 
larizing membrane, and the direction giving the maximum re- 
fractive index in the second optically anisotropic layer 
was perpendicular to the transmission axis of the polariz- 
ing membrane . 

On the other surface of the polarizing membrane, a 
triacetyl cellulose film (FUJI TAC, Fuji Photo Film Co., 
Ltd.) of 100 ym thickness was laminated as a transparent 
protective film with an adhesive of polyvinyl alcohol type. 
Thus, an ellipsoidal polarizing plate was prepared. 




[Preparation of liquid crystal display] 

On a glass plate having an ITO electrode, an orienta- 
tion layer of polyimide was provided and subjected to a 
rubbing treatment. The procedure was repeated to prepare 
two substrates, and the prepared substrates were then ar- 
ranged face-to-face. The orientation layers were arranged 
inside, and the rubbing directions of the layers were per- 
pendicular to each other. The cell gap was adjusted 4.5 ym 
with a spacer. -Between the substrates, a liquid crystal 
compound (ZLI-4792, Merck & Co., Inc.) was introduced to 
prepare a rod-like liquid crystal layer. 

Independently, two ellipsoidal polarizing plates were 
prepared in the above manner. On each surface of the 
above -prepared liquid crystal cell of a TN mode, each of 
the plates was laminated. The optically anisotropic layer 
faces the substrate. Thus, a liquid crystal display was 
prepared. In each side of the display, the rubbing direc- 
tion of the orientation layer in the polarizing plate is 
reversely parallel to that of the neighboring orientation 
layer in the liquid crystal cell. 

The prepared display gave an image of good contrast 
without reversing the gradation. 

EXAMPLE 3 

[Formation of second optically anisotropic layer] 

A commercially available polycarbonate film (Teijin 
Limited) was longitudinally stretched (real magnification: 
XI. 3) to form a second optically anisotropic layer. The 
retardation of the layer was observed at 633 nm by means of 
an ellipsometer (M150, JASCO) , and found that the retarda- 
tion values along the thickness direction (Rth) and in the 
plane (Re) were 100 nm and 150 nm, respectively. 



[Formation of first optically anisotropic layer] 

After one surface of the second optically anisotropic 
layer was subjected to corona discharge treatment, an ori- 
entation layer and a first optically anisotropic layer were 
formed thereon in the same manner as Example 1. The opti- 
cal properties are set forth in Table 1. 

[Preparation of ellipsoidal polarizing plate] 

Iodine was adsorbed onto a stretched polyvinyl alcohol 
film to prepare a polarizing membrane. 

The above -produced optical compensatory sheet was lam- 
inated on one surface of the polarizing membrane with an 
adhesive of polyvinyl alcohol type. The second optically 
anisotropic layer of the compensatory sheet faces the po- 
larizing membrane, and the direction giving the maximum re- 
fractive index in the second optically anisotropic layer 
was perpendicular to the transmission axis of the polariz- 
ing membrane . 

On the other surface of the polarizing membrane, a 
triacetyl cellulose film (FUJI TAC, Fuji Photo Film Co., 
Ltd. ) of 100 ym thickness was laminated as a transparent 
protective film with an adhesive of polyvinyl alcohol type. 
Thus, an ellipsoidal polarizing plate was prepared. 

[Preparation of liquid crystal display] 

On a glass plate having an ITO electrode, an orienta- 
tion layer of polyimide was provided and subjected to a 
rubbing treatment. The procedure was repeated to prepare 
two substrates, and the prepared substrates were then ar- 
ranged face-to-face. The orientation layers were arranged 
inside, and the rubbing directions of the layers were per- 
pendicular to each other. The cell gap was adjusted 4 . 5 ym 
with a spacer. Between them, a liquid crystal compound 
(ZLI-4792, Merck & Co., Inc.) was introduced to prepare a 
rod-like liquid crystal layer. 
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Independently, two ellipsoidal polarizing plates were 
prepared in the above manner. On each surface of the 
above -prepared liquid crystal cell of a TN mode, each of 
the plates was laminated. The optically anisotropic layer 
5 faces the substrate. Thus, a liquid crystal display was 
prepared. In each side of the display, the rubbing direc- 
tion of the orientation layer in the polarizing plate is 
reversely parallel to that of the neighboring orientation 
layer in the liquid crystal cell . 
10 The prepared display gave an image of good contrast 

without reversing the gradation.* 



15 [Formation of first optically anisotropic layer] 

On one surface of the second optically anisotropic 
layer formed in Example 1, a coating solution comprising 1 
weight part of photo-polymerizable oligomer (UN900PEP, Ne- 
gami Industries Co., Ltd.), 19 weight parts of tetrahydro- 

20 furan and a little amount of benzophenone was applied and 
dried at 60°C for 30 minutes. A rod-like nematic liquid 
r crystal compound ( ZL14788-100 , Merck & Co., Inc.) was fur- 
ther applied thereon. To align and fix the liquid crystal 
molecules, the applied compound was irradiated by UV light 

25 while a magnetic field of 5 kG was applied. The direction 
of the magnetic field had an angle of 70° with the normal 
of the coated surface in the plane where the normal and the 
direction perpendicular to the stretching direction of the 
second optically anisotropic layer were included. The op- 

3 0 tical properties are set forth in Table 1. 

[Preparation of ellipsoidal polarizing plate] 

Iodine was adsorbed onto a stretched polyvinyl alcohol 
film to prepare a polarizing membrane. 



EXAMPLE 4 
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10 




25 



The above -produced optical compensatory sheet was lam- 
inated on one surface of the polarizing membrane with an 
adhesive of polyvinyl alcohol type. The second optically 
anisotropic layer of the compensatory sheet faces the po- 
larizing membrane, and the direction, giving the maximum re- 
fractive index in the second optically anisotropic layer 
was perpendicular to the transmission axis of the polariz- 
ing membrane . 

On the other surface of the polarizing membrane, a 
triacetyl cellulose film (FUJI TAC, Fuji Photo Film Co., 
Ltd.) of 100 ym thickness was laminated as a transparent 
protective film with an adhesive of polyvinyl alcohol type. 
Thus, an ellipsoidal polarizing plate was prepared. 

[Preparation of 'liquid crystal display] 

On a glass plate having an ITO electrode, an orienta- 
tion layer of polyimide was provided and subjected to a 
rubbing treatment. The procedure was repeated to prepare 
two substrates, and the prepared substrates were then ar- 
ranged face-to-face. The orientation layers were arranged 
inside, and the rubbing directions of the layers were per- 
pendicular to each other. The cell gap was adjusted 4 . 5 vim 
with a spacer. Between the substrates, a liquid crystal 
compound (ZLI-4792, Merck & Co., Inc.) was introduced to 
prepare a rod-like liquid crystal layer. 

Independently, two ellipsoidal polarizing plates were 
prepared in the above manner. On each surface of the 
above -prepared liquid crystal cell of a TN mode, each of 
the plates was laminated. The optically anisotropic layer 
faces the substrate. Thus, a liquid crystal display was 
prepared. In each side of the display, the rubbing direc- 
tion of the orientation layer in the polarizing plate is 
reversely parallel to that of the neighboring orientation 
layer in the liquid crystal cell. 
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The prepared display gave an image of good contrast 
without reversing the gradation*. 



[Formation of second optically anisotropic layer] 

A triacetyl cellulose film (FUJI TAC, Fuji Photo Film 
Co., Ltd.) was used as a transparent support. 

On one surface of the support, a gelatin layer was 
formed. The gelatin layer was then coated with the coat- 
ing solution consisting of the following components to form 
an orientation layer of 0.5 pm thickness. 



Coating solution for orientation layer 



Denatured polyvinyl alcohol (MP203, Kuraray Co., Ltd.) 



The formed orientation layer was then subjected to a 
rubbing treatment, and then coated with the coating solu- 
tion consisting of the following components to form a sec- 



EXAMPLE 5 



Water 



Glutaric aldehyde 



2 weight parts 
0 . 1 weight part 
98 weight parts 



ond optically anisotropic layer (dry thickness: 1.5' ym). 




Coating solution for second optically anisotropic 

layer 



The rod-like liquid crystal compound used in the first 
optically anisotropic layer of Example 1 

3 0 weight parts 

Methylene chloride 70 weight parts 



The retardation of the layer was observed at 633 nm by 
means of an ellipsometer (M150, JASCO) , and found that the 
retardation values along the thickness direction (Rth) and 
in the plane (Re) were 100 nm and 150 nm, respectively. 

[Formation of first optically anisotropic layer] 

On the other surface of the transparent support, a 
gelatin layer, an orientation layer and a first optically 
anisotropic layer were formed in the same manner as Example 
1. The optical properties are set forth in Table 1. 

[Preparation of ellipsoidal polarizing plate] 

Iodine was adsorbed onto a stretched polyvinyl alcohol 
film to prepare a polarizing membrane. 

The above-produced optical compensatory sheet was lam- 
inated on one surface of the polarizing membrane with an 
adhesive of polyvinyl alcohol type. The second optically 
anisotropic layer of the compensatory sheet faces the po- 
larizing membrane, and the direction giving the maximum re- 
fractive index in the second optically anisotropic layer 
was perpendicular to the transmission axis of the polariz- 
ing membrane . 




On the other surface of the polarizing membrane, a 
triacetyl cellulose film (FUJI TAC, Fuji Photo Film Co., 
Ltd.) of 100 ym thickness was laminated as a transparent 
protective film with an adhesive of polyvinyl alcohol type. 
Thus, an ellipsoidal polarizing plate was prepared. 

[Preparation of liquid crystal display] 

On a glass plate having an ITO electrode, an orienta- 
tion layer of polyimide was provided and subjected to a 
rubbing treatment. The procedure was repeated to prepare 
two substrates, and the prepared substrates were then ar- 
ranged f ace-to-face. The orientation layers were arranged 
inside, and the rubbing directions of the layers were per- 
pendicular to each other. The cell gap was adjusted 4.5 p 
with a spacer. Between them, a liquid crystal compound 
(ZLI-4792, Merck & Co., Inc.) was introduced to prepare a 
rod-like liquid crystal layer. 

Independently, two ellipsoidal polarizing plates were 
prepared in the above manner. On each surface of the 
above -prepared liquid crystal cell of a TN mode, each of 
the plates was laminated. The optically anisotropic layer 
faces the substrate. Thus, a liquid crystal display was 
prepared. In each side of the display, the rubbing direc- 
tion of the orientation layer in the polarizing plate is 
reversely parallel to that of the neighboring orientation 
layer in the liquid crystal cell. 

The prepared display gave an image of good contrast 
without reversing the gradation. 
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TABLE 1 



Ellipsoidal 
polarizing 
plate 



Angle of min- 

Angle of max- Angle of max- imum refrac- 
imum refrac- imum refrac- tive index of 

tive index of tive index of first and 
first layer second layer second layers 



Example 1 
Example 2 
Example 3 
Example 4 
Example 5 



45° 
45° 
35° 
55° 
25° 



0 ° 
0 ° 
0 ° 
0 ° 
0 ° 



50° 
50° 
60° 
40° 
70° 



EXAMPLE 6 



10 



[Formation of second optically anisotropic layer] 

The following components were placed in a mixing tank, 
and were stirred while heating to dissolve the components. 
Thus a cellulose acetate solution was prepared. 



Cellulose acetate solution 



15 



Cellulose acetate (acetic acid content : 60.0%) 

100 weight parts 
Triphenyl phosphate (plas ticizer ) 7.8 weight parts 
Biphenyldiphenyl phosphate (plas ticizer) 

3 . 9 weight parts 
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Methylene chloride (first solvent) 

300 weight parts 

Methanol (second solvent) 56 weight parts 

n-Butanol (third solvent) 11 weight parts 



In another mixing tank, 16 weight parts of the follow- 
ing retardation increasing agent, 80 weight parts of methy- 
lene chloride and 20 weight parts of methanol were placed, 
10 and the mixture was stirred while heating to prepare a re- 
tardation increasing agent solution. 



Retardation increasing agent 




With 474 weight parts of cellulose acetate solution, 
56 weight parts of the retardation increasing agent solu- 
tion was added. The mixture was well stirred to prepare a 
dope . 

The obtained dope was cast on a band casting machine. 
A film containing the remaining solvent in the amount of 15 
wt.% was stretched by using a tenter at the stretching ra- 
tio of 35% along the cross direction to prepare a cellulose 
acetate film as a second optically anisotropic layer. 

The retardation of the layer was observed at 550 nm by 
means of an ellipsometer (M150, JASCO) , and found that the 
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retardation values along the thickness direction (Rth) and 
in the plane (Re) were 130 nm and 105 nm, respectively. 

The second optically anisotropic layer was immersed in 
1.5N aqueous solution of potassium hydroxide at 40°C for 5 
minutes. The layer was neutralized with sulfuric acid, 
washed with pure water, and dried. The surface energy of 
the treated surface of the layer was 68 mN/m, which was 
measured according to a contact angle method. 



10 



[Formation of first optically anisotropic layer] 

The following coating solution was coated on one sur- 
face of the second optically anisotropic layer by using a 
wire bar coater of #16. The coating amount was 28 ml per 
m 2 . The coated layer was air dried at 60°C for 60 seconds, 
15 and at 90°C for 150 seconds. 



cJ~QHO& Coating solution for orientation layer 



n 20 



The denatured polyvinyl alcohol used in Example 1 

10 weight parts 

Wa ter 371 weight parts 

Methanol 119 weight parts 

25 Glutaric aldehyde (cross -linking agent) 

0 . 5 weight part 
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The formed orientation layer was then subjected to a 
rubbing treatment along a direction perpendicular to the 
slow axis (measured at the wavelength of 632.8 nm) of the 
second optically anisotropic layer. 

The coating solution for the first optically 
anisotropic layer used in Example 1 was coated on the ori- 
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entation layer to form a first optically anisotropic layer 
(dry thickness: 1.5 vim) . 

The retardation of the layer was observed at 63 3 run by 
means of an ellipsometer (M150, JASCO) , and found that the 
retardation value along the thickness direction (Rth) was 
100 run and that the angle between the layer plane and the 
direction giving the minimum refractive index was 50°. 

[Preparation of ellipsoidal polarizing plate] 

Iodine was adsorbed onto a stretched polyvinyl alcohol 
film to prepare a polarizing membrane. 

The above-produced optical compensatory sheet was lam- 
inated on one surface of the polarizing membrane with an 
adhesive of polyvinyl alcohol type. The second optically 
anisotropic layer of the compensatory sheet faces the po- 
larizing membrane, and the direction giving the maximum re- 
fractive index in the second optically anisotropic layer 
was parallel to the transmission axis of the polarizing 
membrane . 

On the other surface of the polarizing membrane, a 
triacetyl cellulose film (FUJI TAC, Fuji Photo Film Co., 
Ltd. ) of 100 yro thickness was laminated as a transparent 
protective film with an adhesive of polyvinyl alcohol type. 
Thus, an ellipsoidal polarizing plate was prepared. 

[Preparation of liquid crystal display] 

On a glass plate having an ITO electrode, an orienta- 
tion layer of polyimide was provided and subjected to a 
rubbing treatment. The procedure was repeated to prepare 
two substrates, and the prepared substrates were then ar- 
ranged face-to-face. The orientation layers were arranged 
inside, and the rubbing directions of the layers were per- 
pendicular to each other. The cell gap was adjusted 4 . 5 urn 
with a spacer. Between the substrates, a liquid crystal 
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compound (ZLI-4792, Merck & Co., Inc.) was introduced to 
prepare a rod-like liquid crystal layer. 

Independently, two ellipsoidal polarizing plates were 
prepared in the above manner. On each surface of the 
above -prepared liquid crystal cell of a TN mode, each of 
the plates was laminated. The optically anisotropic layer 
faces the substrate. Thus, a liquid crystal display was 
prepared. In each side of the display, the rubbing direc- 
tion of the orientation layer in the polarizing plate is 
reversely parallel to that of the neighboring orientation 
layer in the liquid crystal cell. 

The prepared display gave an image of good contrast 
without reversing the gradation. 




